Purpose: To assess the contribution home-videos made on mobile phones can make to the diagnosis of Psychogenic Nonepileptic Seizures (PNES). Methods: Consecutive patients 10-50 years old, with episodes of altered behavior or abnormal movements, unresponsiveness, or falls, were recruited after they had obtained 'good' or 'fair' quality (quality of video scale (QOV)) home-videos of their episodes on personal mobile phones; these subjects underwent video-electroencephalography (VEEG). Diagnoses of PNES, other physiological events or epileptic seizure (ES) on homevideos (by the epilepsy fellow, step 1) and on VEEGs (by a fully trained epileptologist unaware of the home-video recording, step 2) were compared. Results: We screened 783 patients, and finally analyzed 269; 155 subjects had`fair' (QOV 5-7) and 114 had 'good'(QOV 8-10) quality home-videos. Concordance between steps 1 and 2 was seen in 261 of 269 (97.2%) subjects, and no significant difference was noted between the two modalities in diagnosing PNES. Differentiation between PNES, ES and other physiological events using home-videos was correct in 49.1% subjects if 532 (all subjects asked to make home-videos) and 70.7% if 369 (subjects with 'good' or 'fair' home videos), were used as denominators. Home-videos diagnosed PNES with the sensitivity of 95.4% (95% CI: 87.2%-99.1%), specificity of 97.5% (95% CI: 94.3%-99.2%), positive and negative predictive values of 92.65% (95% CI: 84.1%-96.8%) and 98.5% (95% CI: 95.6%-99.5%) respectively. Conclusion: Home-videos of good quality can complement VEEG in diagnosing PNES in a cost-effective way and help initiate appropriate management.
Introduction
Psychogenic nonepileptic seizures (PNES) are episodic in nature, and many patientsare initially misdiagnosed as having epilepsy. Most patients subsequently diagnosed with PNES in specialized centers are on antiepileptic drugs (AEDs) at the time of their referral. This has cost and added adverse effects of AEDs. Recognition of PNES can be difficult even for physicians. [1] Though certain clues in the semiology could suggest that the seizure is non-epileptic, the gold-standard for its diagnosis is the demonstration of a typical event without accompanying epileptiform discharges on Video-electroencephalographic (VEEG) evaluation. Other investigations like serum prolactin levels may have a limited utility in distinguishing between convulsive epileptic and nonepileptic seizures [2] . Sundararajan et al. looked at the results of 49 studies (excluding those assessing VEEG or single photon emission computerized tomography) in a systematic review and found that no single biomarker (imaging, hormone levels in the serum or autonomic function tests) successfully differentiated PNES from epileptic seizures [3] .
Further, an international consensus group of clinician-researchers in epilepsy has advised a staged approach and differential levels of certainty in the diagnosis of PNES using available investigations like history, electroencephalography (EEG), ambulatory EEG, VEEG monitoring, neurophysiologic, neurohumoral, neuroimaging, neuropsychological testing, hypnosis, and conversation analysis, because the gold standard of VEEG is not available resource limited settings [4] .
A study from our Institute showed that features in the semiology of seizures during VEEG evaluation matched better with the features observed in home videos than with those elicited from clinical history [5] . Wasserman et al. showed videos of events confirmed on VEEG as PNES to various medical personnel to assess their ability to correctly recognize them; epileptologists diagnosed 87.5% of cases correctly, and general neurologists, 72.8% [1] . [6] . The ILAE PNES Task Force also, on the basis of responses to survey questionnaires from 63 different countries, has suggested the development of reliable and simple diagnostic procedures that do not rely on costly tests [7] . Ours is a government-run tertiary care hospital where VEEG is done free of cost, but there is a long waiting list for this test, as it is also one of the few such centers in North India. Therefore, the objective of this study was to determine if home videos alone could be used to diagnose PNES.
Methods
This was a prospective study, wherein consecutive patients between 10 and 50 years of age, with episodes of altered behavior or abnormal movements, unresponsiveness, or falls, presenting for the first time to the Neurology Outpatient clinic (unit III) between 1st of January and 31st of December 2015, were all asked to make home-videos of the habitual episodes on their personal mobile phones. Their caregivers were given instructions on how to record, so as to get the maximum information from the videos; multiple videos could be submitted for one patient. The home videos submitted on follow-up visits were assessed for quality according to the Quality of Video (QOV) scale. [5] The QOV scale has 11 items, each of which was given points ranging from −1 to 2. All subjects whose home videos had QOV scores in the`fair' (QOV 5-7) or 'good'(QOV 8-10) range, were included in the study after providing informed consent, and given dates for VEEG monitoring within a month of enrolment, irrespective of the initial clinical diagnosis. Patients who were event-free for thirty days prior to their allotted dates for VEEG monitoring, those who could not undergo this test (due to other reasons) or did not have any episode recorded during monitoring, those who were not on any AEDs or were not compliant to the prescribed treatment, were excluded. Dosages of AEDs could be altered as per the clinician's discretion, on the first visit or any subsequent visits to the outpatient clinic, prior to inclusion and VEEG monitoring. AEDs were tapered off rapidly (30-50%/ day) and verbal suggestions were given in order to record seizures when the included subjects were admitted in the Epilepsy Monitoring Unit for VEEG monitoring. If no events occurred, the patient was disconnected after one week.
Videos of all recruited subjects were reviewed by the epilepsy fellow (single reviewer, blinded to clinical history; step 1); the label of PNES was given if at least three of the semiological features reported by LaFrance et al. as having 'good evidence from primary studies' or by Lazarus et al. as 'ictal characteristics' were noted in the videos (Table 1 ) [4, 8] .
All the VEEGs were reviewed by an epileptologist (blinded to the diagnosis formulated on the basis of the home videos by the epilepsy fellow; step 2), and concordance between their diagnoses was noted in each case. If there were more than one type of seizure recorded on home videos or on VEEG, the caregiver was asked to identify the habitual episode occurring most frequently in the last three months; only this event was then was compared. If the only events recorded on home videos and VEEG had widely different semiologies, they were not compared with each other.
Statistical analysis
Descriptive statistics were used for demographic and clinical characteristics. The McNemar test was used to compare the diagnoses made on the basis of home videos and those made after reviewing the VEEG recordings. Sensitivity, specificity, positive and negative predictive values of the use of home videos as a diagnostic modality were calculated using appropriate formulae. A p-value less than 0.05 was considered significant.
Results
Of the 783 patients screened, 269 were recruited (Fig. 1) ; of the latter, 155 subjects had at least one home video of`fair' quality (QOV 5-7), and 114 had at least one home video of 'good' quality (QOV 8-10). Demographic characteristics of the recruited subjects are presented in Table 2 .
The diagnosis at step 1 was epileptic seizures (ES) in 192 (71.4%) subjects, and in 73(27.1%), it was PNES. Diagnosis at step 2 was PNES in 66 (25.3%) subjects, other physiologic events in 5 persons, and ES in the remaining 198 (73.6%). There was concordance between the diagnoses of steps 1 and 2 in 261 (97.2%) subjects. McNemar's chisquared statistic was 2.1 (p = 0.15) implying that there was no statistically significant difference between the diagnoses of Steps 1 and 2.
When 532 (the number of subjects who fit the inclusion criteria, gave consent, and were asked to make home videos (Fig. 1) ), is used as denominator, the percentage of people who could be correctly diagnosed using home videos is 49.1% (261/532). When the denominator is 369 (the number that had 'good' or 'fair' home videos), 70.7% subjects had the correct diagnosis by home videos. Among the 100 patients (47 females; average age 27.6 ± 8.4 years) with 'good' or 'fair' home videos who were excluded (Fig. 1) , the diagnosis on home video review was ES in 69 patients, other physiological events in 9, and PNES in 22 patients.
The sensitivity of diagnosis of PNES from home videos was 95.4% (95% CI: 87.3% to 99.0%), specificity was 97.5% (95% CI: 94.3% to 99.2%), the positive predictive value was 92.6% (95% CI: 84.1% to 96.8%) and the negative predictive value was 98.5% (95% CI: 95.6% to 99.5%).
The accuracy of diagnosing ES was calculated to be 72.49%. In 3 subjects, 'other physiological events' was diagnosed in step-1 as well as in step-2; in two subjects, these episodes were erroneously diagnosed as PNES in step-1.
The most commonly noted semiological features on home videos, pointing to the diagnosis of PNES are listed in Table 3 .
Discussion
It often takes a long time to establish that a patient's recurrent and apparently 'drug resistant' seizures are definitely PNES; a long waiting list for VEEG is an important factor for such delays. The results of this study suggest that mobile phones with cameras, now readily available to most people, even in resource poor countries, could be used as an effective tool to aid in the diagnosis of PNES while awaiting VEEG. This is not to say that home videos could replace VEEG; in fact, another study done at our center showed that a short-term recording (with induction) may also identify many such cases [9] . The effort is to make an earlier diagnosis and with confidence, so as to refer these patients for appropriate management. However, in the study by Erba et al. it was found that a confident diagnosis of PNES vis a vis ES could be established in about a third of cases only, based on video data alone. This was despite 'substantial' interrater agreement for the diagnosis of PNES [10] . Their concordance rate seems much lower because they took all the available videos while calculating the percentage. More than half (13 out of 23) of their videos were "inadequate" as they did not provide the information required, according to the raters in their study (neurologists actively practicing in epilepsy centers). When only the videos that were "adequate" were used, the result was 70% (7/10). Other explanations for our accuracy being higher could be that we had more than one event for review in almost all cases, there was a focus on the face during most videos (as the caregivers had been particularly instructed to do so), the criteria used to label home videos as PNES were stringent, and also that we had unedited versions of all the home videos. In the studies by Erba et al. and Wasserman and Herskovitz, the raters were provided selected but "representative" segments of videos only. In the latter study, senior epileptologists made correct diagnoses in 87.5%, and general neurologists in 72.8% of PNES cases [10, 1] . The fact that there was only one reviewer in our study is not only a limitation, as we cannot calculate interrater reliability values, but may also be a reason why the concordance of (home) videos and the gold standard was higher compared to that in the available literature. Another limitation could be that the home videos were reviewed by a less experienced rater compared to the epileptologist who rated the VEEGs. Rao et al. developed a scoring system which is a simple clinical instrument based on patient history; on applying the scores it was seen that the group difference in the mean between the PNES and epilepsy cohorts was highly significant, and they suggested that it may be used to triage patients waiting for VEEG [11] . Therefore, in most cases of PNES, careful history-taking and good quality home videos will help clinicians arrive at decisions. Not only will this help shorten the waiting list for VEEG, it may also reduce the cost and inconvenience of the investigation, hasten diagnosis and appropriate management of patients with PNES.
The quality of home videos is of utmost importance, and caregivers of these patients must be instructed to ensure good illumination, visibility of the face as well as the rest of the body without obstruction, and capture of the entire event from the beginning. Generally, though, home videos have the drawback that the beginning of the seizure is hardly ever filmed; which is why VEEG would still be required for confirmation in many cases.
As in several other studies, we had a large percentage of female patients among those with suspected PNES [12] .
Conclusion
Home videos on smartphones may be used to differentiate PNES from ES. This can be used as a cost-effective method of complementing VEEG in the diagnosis of PNES, expeditiously; consequently, patients can be provided early psychotherapy, counselling, cognitive behavioral therapy, and optimization of drugs including modification of AEDs, addition of mood stabilizers or both. 
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